INTRODUCTION
Extensive research on the process of protein translocation across the inner membrane (IM) of Escherichia coli has led to the identification of several components of the export apparatus. Mutations in any of the genes secA, B, D, E, F and Y have pleiotropic effects on the localization of many different export proteins [1] . Of these genes, the products of secA and secB have been studied most extensively. The secA gene product can be found both in the cytoplasm and peripherically bound to the IM [2] . SecA can form a complex at the IM with SecY, SecE, anionic phospholipids as well as an export competent precursor [3, 4] . ATP hydrolysis, catalyzed by the SecA protein, is essential for the translocation process. The SecB protein, which is a cytoplasmic protein, appears to function as a molecular chaperon. It has been shown to interact with precursors of exported proteins to stabilize an export-competent state [5] .
The accumulated information about the role of the components in the export process has led to a better understanding of this process in E. coll. However, it is not known to which extent this export pathway is conserved in all details in other prokaryotes. For instance, the SecB protein is only required for the export of a subset of exported proteins [5] . Possibly, this protein is only required in a subset of bacteria, especially since other chaperonins, such as GroEL protein, exist, which function like SecB [6, 7] . We have therefore analysed the presence or absence of proteins anti-genically related to the SecA and SecB proteins in several Enterobacteriaceae and other bacteria via Western immunoblot analysis.
MATERIALS AND METHODS

Bacterial strains and growth conditions
The bacterial strains used in this study and their sources are listed in Table 1 . Most strains were cultured overnight in L-broth [8] at 37°C. Agrobacterium tumefaciens, Pseudomonas strains and Xanthomonas campestris were grown at 30 o C. Neisseria meningitidis was grown at 37°C in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, MD) supplemented with Vitox (Oxoid, Basingstoke, U.K.). Rhizobium leguminosarum was grown at 30°C in TY medium [9] supplemented wih 7 mM CaCI 2.
Antibodies
Antibodies against purified E. coli SecB protein were raised in two rabbits essentially as previously described [10] . A mixture of 400 /xl protein (0.5 mg/ml) in phosphate-buffered saline and 400 /~1 Freund's Complete Adjuvans (Difco Laboratoties, U.S.A.) was injected intradermally at about 10 sites in the back of young rabbits (New Zea- Table 1 Detection of proteins which cross-react with antibodies directed against E. coli SecA and SecB proteins in various bacterial strains, determined by Western blot analysis +, Cross-reactive product; +, weak cross-reactive product; -, no cross-reactive product observed.
Microorganism
Cross-reaction with land White, 3 kg). Injections were repeated after 14 and after 42 days in Freund's Incomplete Adjuvants. Rabbits were sacrified 60 days after the first injection. Sera were collected after clotting of the blood and centrifugation and stored at -20 o C. Antibodies against E. coli SecA protein were a gift of W. Wickner. The reactivity of the anti-SecA serum and one of the anti-SecB sera with purified SecA and B proteins in Western blot analysis is shown in Fig. 1A . The mono-specific rabbit antiserum 3974 against the 65-kDa GroEL-related common antigen of Legionella micdadei was a gift of J. Thole [11] .
Western immunoblot analysis
After culturing overnight, cells were harvested by centrifugation and solubilized in sample buffer for 10 rain at 100°C. Approximately equal amounts of cells of different bacterial strains were loaded on SDS-polyacrylamide gels [12] . After electrophoresis, the proteins were electrobiotted onto nitrocellulose filters and immunoincubations were performed as previously described [13] .
If necessary, pre-adsorption of sera was performed by incubating 20 btl sera for 2 h at 4°C with 10 /zl of the appropriate S135 cell extract [14] , containing cytoplasmic and periplasmic proteins or purified protein. After centrifugation in an Eppendorf centrifuge for 15 min, the supernatant was used in the immunoblot experiments.
RESULTS
Detection of proteins antigenically related to SecB
To detect the existence of SecB-related proteins in different bacteria, Western immunoblotting experiments were performed. Total cellular proteins were separated by SDS-polyacrylamide gel electrophoresis and blotted onto nitrocellulose filters. The filters were analyzed with two different antiSecB sera. The results are summarized in Table 1 and partially illustrated in Fig. 1B , which shows an immunoblot with both anti-SecB and anti-SecA sera. SecB appears to be strongly conserved in the family of Enterobacteriaceae since all of these organisms contained a major immunoreactive band which migrated with a similar apparent molecular mass (16 kDa) as E. coil SecB protein. The bands, observed in the Western blots were considerably weaker in the cases of P. oulgaris (Fig. 1B) P. stuartii and E. tarda (results not shown) either because these organisms produce lower amounts of SecB protein or because the SecB proteins in these strains are antigenically less well conserved. One antiserum cross-reacted in the Klebsiella strains also with a 50 kDa protein (Fig. 1B, lanes  11 and 12) . Preadsorption of this serum with an S135 extract of an E. coil secB-mutant MM152 did not inhibit binding to the 16 and 50 kDa bands (Fig. 2) . In contrast, preadsorption with purified SecB protein (results not shown) or an S135 extract of a SecB-producing strain [15] , prevented the reaction with both proteins and the pre-immune serum did not react with these bands (Fig. 2) . These results suggest that Klebsiella strains produce two SecB related proteins. However it should be noted that the other antiserum against SecB only reacts with the 16 kDa SecB protein (results not shown). No specific immunoreactive bands could be detected with the anti-SecB antiserum in the non-Enterobacteriaceae tested (Table 1) . In Aeromonas hydrophila a reaction with a 22 kDa band was observed (Fig.  1B, lane 13 ) but this band is not related to SecB, since it was also detected with pre-immuneserum.
Detection of proteins antigenically related to
SecA and GroEL Similar Western blot analyses were performed to detect SecA-related proteins in the different strains (Fig. 1, Table 1 ). A band of approximately 100 kDa was observed in all Enterobacteriaceae, although the reaction with the SecA proteins of P. vulgaris, P. stuartii, S. marcescens and two Salmonella strains was weaker. In the non-Enterobacteriaceae analyzed, only A. hydrophila contained a band immunoreactive with the anti-SecA antiserum. Preadsorption of this serum with purified SecA protein prevented the reaction with this Aeromonas SecA protein (result not shown).
The heat shock protein GroEL has been found to exist in a great variety of organisms. It is also known as the 65 kDa antigen or common bacterial antigen [5, 11, 16] . As expected, Western blot analysis with polyclonal antiserum 3974, raised against the GroEL-related common antigen of L. micdadei, revealed a cross-reactive band of approximately 65 kDa in all the strains used in this study (results not shown).
DISCUSSION
The mechanism of protein export across the cytoplasmic membrane is generally believed to be well conserved among bacteria. Indeed, heterologous proteins are usually normally exported in other bacteria [17] . The observation that polyclonal antibodies directed against the SecA and SecB proteins of E. coil do hardly or not recognize any similar proteins in bacteria other than the Enterobacteriaceae is rather surprising in this respect. However, the E. coli OmpA protein can not be translocated across the cytoplasmic membrane of Bacillus subtilis in contrast to fl-lactamase [18] . This difference might be explained by the fact that the SecB chaperonin, which is required for OmpA export, is not conserved. In contrast, fl-lactamase does not require SecB but the GroEL chaperonin [19] does not contain a protein antigenically related to SecA protein, the SecY protein of this organism might interact with a secretion factor which is functionally analogous to SecA. So, differences in the composition of the export apparatus might explain differences in efficiency of export of heterologous proteins. It should be noted that although the export pathway of E. coli is functionally homologous with the translocation process of proteins across the endoplasmic reticulum in eukaryotes [21, 22] , no structural homology exists between SRP, docking protein and the E. coil Sec proteins. In contrast to the Sec proteins, the GroEL protein is extremely well conserved in nature. Although this chaperonin is not involved in interactions with exported proteins [7] , it is until now the best conserved proteinaceous component of the export apparatus. The fact that certain export components are better conserved in prokaryotes than others suggests that changes in these components are less tolerated. It will be very interesting to identify functional analogous of export components in prokaryotes outside the Enterobacteriaceae.
